Abstract Technological advancements have taken us closer to the "kitchen of the future" where everyday kitchen activities are seamlessly integrated with smart computing services. While there exist smart kitchen approaches, the explorative nature of the field encourages novel designs. This paper follows the trend by describing the design and development of the Kitchen AS-A-PAL, an infrastructure for facilitating smart kitchen services. Smart objects are the building blocks of Kitchen AS-A-PAL where three types of smart objects namely Containers, Surfaces and Actuators are explored through smart kitchen applications including interactive cookbook, health'n shopping and kaffe, god morgon.
Introduction
Kitchen is a place where humans perform important everyday activities like cooking and dining that contribute to their health and wellbeing. Ambient intelligence [1] envisions a future where environments like the kitchen environment could be transformed into a space that offers value added smart computing services, thereby enhancing human experience and improving the quality of the activities performed. Smart objects could be viewed as the building block towards a smart environment, and are defined as "computationally augmented tangible object with an established purpose that is aware of its operational situations and capable of providing supplementary services without compromising its original appearance and interaction metaphor where supplementary services typically include sharing object's situational awareness and state of use; supporting proactive and reactive information delivery, actuation and state transition" [2] .
The fact that smart objects are viewed as tangible objects can be seen through several prototypes including Teco's Media Cup [3] which is an ordinary coffee cup with additional capabilities like being aware of its temperature, mobility patterns and coffee content level; Energy Aware Kettle that provides energy consumption information and the Smart Medicine Box that presents context-aware services about medicine information and their location [4] ; Smart Fridge that de-2 tects objects when placed inside it using RFID readers and antennas explored in the pizza lifecycle scenario [5] .
There are several smart kitchen services like the Nutrition-Aware Cooking [6] that senses cooking activities and presents nutritional information in real-time for persuading family cooks to make informed decisions; Diet-Aware Dining Table [7] that tracks the nutritional intake of persons dining on it and presents such information for inculcating healthy eating habits; Web-based personal multimedia recipe creation tool for using it as memos and for sharing it with others [8] ; and automatic analysis of shopping list for inferring nutritional content of the food purchased to support informed shopping list generation in the future [9] .
The term tangible objects incorporates certain restriction on the type of objects we consider as smart objects. While an everyday kitchen is not restricted to tangible objects, in this work we try to explore other forms of smart objects that are not tangible but possess specific type of embodiment creating meaning and offering complementary value added services within a smart kitchen context. This paper contributes with the design and development of the Kitchen AS-A-PAL infrastructure and in using it to explore three smart kitchen applications namely interactive cookbook, health'n shopping and kaffe, god morgon.
Designing the Kitchen AS-A-PAL
Our design of the Kitchen AS-A-PAL, a smart kitchen is informed by analyzes of four ordinary kitchen environments where human behaviors were observed. In particular, we were interested in human interaction with kitchen objects, both while performing activities and during inactivity. Our observations of the kitchen environments lead to the design of three types of smart objects namely: containers, surfaces and actuators. While actuators are one of the most common types of smart objects that change the state of the world, this paper expands the exploration to include containers and surfaces offering valuable contextual information.
We distinguish between containers and surfaces by defining containers as being a placeholder for objects, while a surface typically has objects on it while a person is active performing activities. We identified the properties that may influence a human actor's organization of objects, surfaces and containers. The purpose was also to identify contextual information that is valuable in identifying, and defining the properties of containers.
The following factors were influential: temperature, purpose of an object, the state of an object in terms of time (e.g., expire dates for milk), change of location (may indicate that an object is being used in an activity, e.g., move from a container to a surface) and an object's relative location to other objects when included in a set of objects for a certain purpose.
Surfaces typically play the role of scenery for purposeful activity, e.g., eating takes place by the kitchen table. Detecting objects placed on a surface informs the assessment of which activity is being performed. Other important contextual cues 3 are if an object is added to or removed from a smart surface. Such events can be associated to the ongoing and immediate future activities. For instance, by placing the eating plate on the dining table signify that dining activity is about to begin soon. Knowing the beginning and end of an activity is important for offering smart services. The above-mentioned contextual cues would be useful in knowing the beginning and the end of an activity. In addition, observed relationships between objects with respect to co-location and time will provide valuable information about the qualitative aspects of the execution of activity.
There are many objects that change their state and thereby offer valuable contextual information. For instance, a coffee machine that can be turned on/off, a water heater whose state can be changed from water absent to water present. While some of the internal state/state change information offers direct contextual cues, there are also contextual cues that can be derived by fusing several states. Smart services can be offered like a coffee machine cannot be turned on without adding water. A change of a state of an object is affected by other changes (or) affect other changes. As a result, simple rules are created as part of our implementation that enables proper functioning of the smart objects.
System Architecture
The Kitchen AS-A-PAL system architecture is described in Fig. 1 . Networks of PhidgetRFID readers are used in creating 3 smart surfaces wherein a total of 13 RFID readers are used. The smart surfaces read RFID tagged objects using EM4102 protocol with typical read ranges of 7cm. The type of passive RFID tag embedded in objects contribute to read ranges between 3cm and 11cm. The RFID readers are strategically positioned to maximize the object recognition coverage. Standalone RFID readers are used for tracking 5 containers in a semi-automatic manner where implicit tracking is complemented by explicit human actions to improve tracking performance. In total, 36 kitchen objects are passively tagged with each object having multiple tags depending on the object size and shape features. 25 state change sensors are embedded within 6 actuators, 3 containers and 1 surface.
State change sensors offer inference of higher-level contextual cues like coffee machine has_coffee_powder using sensor readings over time and logical rules. Such contextual cues are further used as trajectories for activity inference. Raw sensor data are converted to low-level contextual cues in the tablets, while higher-level context inference, activity recognition, smart services, etc. are developed as REST web services. Wireless LAN is used for data communication with the data in JSON (JavaScript Object Notion) data-interchange format. Refer to Fig. 2 for photos of containers, surfaces and actuators that are a part of the Kitchen AS-A-PAL. 1 For more information about the sensors, I/O boards and Phidgets21 library, visit http://www.phidgets.com Pour" water"
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Applications
Interactive cookbook is an application for the mixing area smart surface of the Kitchen AS-A-PAL that enhances cooking and baking experience by providing context-aware recipe recommendations. The smart services offered by the interactive cookbook are built on the Kitchen AS-A-PAL architecture described in section 3. Objects placed on the mixing area surface are tracked using a network of RFID readers offering tangible interaction [10] , while the weight of the ingredients are measured using weight sensors. Human interaction with smart surface using tangible kitchen objects drives the interactive cookbook application. The contextual cues generated when a person places certain object on the smart surface, removes that object, changes its location, and adds it to a set of co-located objects enable implicit provision of recipe recommendation service. IR distance sensor supports simple hand gestures in the air above the surface instead of supporting touch-based interaction. A person's hands might be dirty while cooking or baking, and hand gestures in the air remove the need to touch the surface. Information is presented using a projector on the center of the countertop surface (shown in Fig.  1 ). When an object is placed on the surface, the interactive cookbook smart services are initiated apart from displaying what the object is. Several recipes are recommended that make use of the objects on the surface and the person can select a recipe of their choice. If there are several objects explicitly registered, then the potential recipe options making use of those ingredients are recommended. Including user profile improves the recommendation capabilities of the interactive cookbook by making it personalized. In Kitchen AS-A-PAL, containers are developed to keep track of the objects they contain like the refrigerator, freezer and wall cabinets. Such contextual information is useful in recommending the appropriate recipes based on available ingredients. The refrigerator smart container described in the next section keeps track of its items, thereby replacing the manual process of checking for ingredients at home by computational services that can provide this information automatically. Time is important contextual information that can be used in recommending appropriate recipes. For instance people are less likely to bake a cake during dinnertime while they would probably not prepare pancakes at 4 p.m. In Fig. 3 , the top-left screenshot initiates a person to start the baking session by placing an ingredient for baking on the mixing area smart surface. The top-middle screenshot informs the person about inappropriate ingredients used for baking based on tracking the object on the smart surface. The top-right screenshot initiates the user to select and pour the right ingredient into a mixing bowl. The bottom screenshots from left to right inform about the quantity poured, inform when the sufficient quantity is reached, and remove that ingredient from the ambient display and continue to track the other ingredients used by the person. The smart surface capable of measuring the quantity of ingredients used removes the need for additional measuring tools and to wash them after use.
The smart surface of the mixing area provides the feel and purpose of an ordinary surface with value added computing services as with the definition of smart objects [2] . It is unobtrusive, staying in the background as with Weiser's vision of ubiquitous computing [11] and expects active user participation before recommending recipes using the interactive cookbook. The interactive cookbook enhances recipe recommendations both quantitatively (in terms of the number of rec-7 ipes available for recommendation) and qualitatively (how useful are they to the current context) in comparison to traditional cookbook.
The Health'n shopping application for the refrigerator smart container (part of the Kitchen AS-A-PAL) provides smart services for enhancing the occupant's shopping choices for maintaining health and to be on a budget. While it is advisable to buy and eat healthy food, people choices are affected by the unavailability of services that present timely information to persuade them into making healthy shopping choices. The following services are offered by the health'n shopping application:
• List of Objects Stored An occupant of the Kitchen AS-A-PAL can register the items purchased for storing inside the refrigerator and the ones that are desired to be present. The concept is to keep track of the objects stored based on natural human actions.
• Inventory Level Four weight sensors are used on a rack of the refrigerator.
The increase or decrease in weight when an object is placed or removed from the refrigerator is used to calculate the object's content and provide information for example to facilitate shopping.
• Smart Searching Objects registered to the refrigerator are passive RFID tagged, where their tags can be considered as electronic product code that provides additional information about the object from its manufacturer. Tangible door magnets representing diary products, expiry date, etc. enable searching for objects inside the fridge and returning the list. Smart searching offers list automatically.
• Expiry Control Items to be expired are presented in an ambient manner by first sending a light signal with no information about which item is to be expired. Tangible door magnet for expiry could be used on the RFID reader for knowing more about the exact items that are to be expired soon.
• Shopping List with Price Information Shopping list can be prepared instantaneously based on the items already available, their inventory level and also their current pricing in the supermarket. While the application is developed as a "proof-of-concept", pricing information from multiple supermarkets in realtime would improve the shopping experience and allow for staying on a budget.
• Nutritional Value The nutritional content of the items stored in the refrigerator in terms of proteins, carbohydrates, fats, minerals, etc.; their consumption rates in terms of how often milk is used in comparison to say mustard; and services to adapt the shopping habits for healthy living are offered.
The Kaffe, god morgon application for the smart coffee machine enables occupants of the Kitchen AS-A-PAL to wake-up with some coffee. Kaffe, god morgon is an application for smart phone for controlling a coffee machine that can automatically prepare coffee. The application facilitates setting-up alarms, and the snooze feature is unique which persuades a person to move to the coffee machine and take a cup of coffee before the alarm can be disabled or snoozed. The coffee machine sends reminder to the person while setting-up the alarm to fill-up the cof-8 fee machine with coffee powder and water. IR distance sensor is used for keeping track of coffee powder availability, humidity sensor for knowing water availability, weight sensor to know the amount of coffee brewed, temperature sensor to know the kettle temperature and a servo motor to turn on and off the coffee machine.
Conclusion
This paper has presented the design and development of Kitchen AS-A-PAL using three types of smart objects namely containers, surfaces and actuators with varying properties, tracking technology requirements, and the contextual cues generated. The smart kitchen applications were explored on the different smart object types. The immediate step in the future would be to perform user studies with real users to obtain quantifiable results and evidence of how well the design strategies work in the devised architecture.
